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ABSTRAcr. The study concerns the effects of the herbicide atrazine and the
insecticide p,p'-DDT at different sublethal doses and during various test
periods on branchial Na+, K+, Mg2+-ATPase activities, ionic composition
of the plasma and muscle and the volume of muscular cells in the african cat-
fish Clarias gariepinus. The most important significant changes in Na+, K+,
ATPase activity during exposure to atrazine were represented by decrease
at the lower concentration (100 jJ.g/liter) and increase at the higher concent-
ration (500 jJ.g/Iiter). Exposure to 500 jJ.g/Iiter DDT produced a short and
strong activation of gill Na+, K+,- ATPase which was followed by recovery
to controls level. While Mg2 + -ATPase was activated from exposure hr 72 at

both atrazine concentrations, it was inhibited during the whole experimen-
tal time in DDT (24 hr). Sodium and potassium concentrations in plasma
and muscle cells as well as cell volume were changed during exposure to
both chemicals, which might indicate osmoregulation difficulties. The value
of the measured responses as an indicator of stress caused by water contami-
nation is discussed.

'To whom requests for reprints be addressed at: National Institute of Oceanography, Al Anfoshy,
Alexandria, Egypt.

135



In Vivo Changes in the Activity of Gill A TPases 137

Fish were held under these conditions for at least three weeks prior to experimenta:.
tions. A photoperiod of 16 hr of light and 8 hr of dark was maintained, oxygen was
never below 8 mg/liter, acidity was monitored regularly (pH 7.3 ::t: 0.4) using pH
meter. Fish were fed on a cat fish diet (35% protein) at a rate of 3% body weight once
every other day, feeding was interrupted 24 hr before the start of experiments and
during their duration. Two days prior to the application of chemicals fish were trans-
ferred to a 20 liter glass test aquaria. The fish loading factor was 8 per aquarium.

Chemicals

Atrazine and DDT were obtained as technical grade from Riedel Ltd, and Stock
solutions were prepared in ethanol.. Toxicants were added to the glass aquaria in very
small volumes of solvent. Controls contained equivalent volumes of solvent.

Experimental Design
The experiments were started by adding the ethanolic solution of atrazine or DDT

to the water in test aquaria to have tinalsublethal concentrations of 1) 100 ~g/liter at-
razine, 2) 500 ~g/liter atrazine, 3) 500 ~g/liter DDT. The fish were sacrificed in
groups of 8 after 3,6,9,24,48,72 and 168 hr in eachatrazine concentrations, and
after 3, 6, 9 and 24 hr in the DDT test concentration. Ina separate preexperiments,
the sublethal doses were determined after the addition of the pollutants to the water
in known quantities until a lethal dose was obtained (Atrazine 8000 ~g/l, DDT 4000
~g/l). During exposure, water was changed completely every day.

Blood and Tissues Sampling

The fish were caught and rapidly anaesthetized in MS222 solution (50 ppm) in a
separate aquarium. Immobilization was achieved within 20 sec. Blood was collected
from a severed portion posterior to the head on the dorsal side. The plasma was ob-
tained by centrifugation of the blood containing ammomium heparinized vials for 3
min at 3000 rpm and stored in a deep freezer. Individual gill arches were separated
and gill filaments removed and frozen. After blood and gill sampling, the skin was re-
moved and a piece- of white expaxial muscle was taken from a definite area below the
dorsal fin. It was weighed and dried to constant weight at 85°c for 48 hr and then re-
weighed.

Analytical Techniques

Plasma sodium was measured by flamephotometry using 5 ILl plasma. Plasma
potassium was determined by atomic absorption spectrophotometry using an air
acetylene flame. Spectral interference between Na + and K+ was minimized by ad-

ding 5% CsCI to both samples and standards. The inorganic solutes of muscle tissue
were extracted from wet muscle tissue with O.1N HNO3 for 25 hr at 6()°C. This proce-
dure proved to be the most efficient of the several employed techniques (Assem and
Hanke, 1979). No increase in ion values were found after extraction for a longer
time. Na and K concentrations were again measured by flamephotometry with 5%
CsCI added to avoid interference variation.
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were determined by the method of Lowry eta I. (1951) using bovine serum albumin as
standard.

Statistical Analysis
Two-way analysis of variance was done on the data obtained. Where significant

differences were evident, differences between the means were assessed statistically
using student's t-test. The results were demonstrated as percentage of changes vs
controls (100%), and a triangle was added when the t-test of the original values (not
the relative values) indicated that the means were statistically significant (P < 0.05).

Results

-+ +Effects on the Na -K Dependent ATPase

The results of in vivo effects of atrazine on the gill enzyme specific activity are de-
monstrated in Fig. (1). While an inhibition of the enzyme activity was observed at the
lower concentration (100 fLg/liter), an activation was measured at the higher con-
centration. This reaction of the enzyme to the presence of atrazine was followed by a
significant and positively increasing activation of the enzyme at both concentrations
from exposure hr 24 and which lasted throughout the rest of the experimental time.
Recovery to normal control levels after 168 hr was not recorded.



Vivo Changes in the Activity of Gill A TPases. 141

of exposure. Recovery to normal controls level after 168 hr was not recorded at both
atrazine concentrations (Fig. 4).

FIG. 4. Changes of gill protein content in percentage of controls during 168 hr of exposure to 100, 500 ILgl
liter atrazine.
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lowed by cellular shrinkage from the 9th hr onward. Till the end of exposure time
(168 hr), no indication of cell volume recovery was recorded (Fig. 10). In vivo expo-
sure to DDT produced a highly significant (P < 0.005) cellular dehydration which in-
creased with time (Fig. 11).
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FIG. 9. Changes of intracellular K+ concentration in percentage of controls during 168 hr of exposure to

100, 5001Lg/liter atrazine.
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The initial reduction of Na+-K+-ATPase specific activity was accompanied by a
significant decrease in the level of plasma Na + and K+. Likewise, Renfroetal. (1974)
attributed the observed mercury-induced depression ofNa + and K+ transport in sev-

eral osmoregulatory organs of different fresh and sea water teleosts to an inhibition
of the N a +, K + -ATPase activity. On the other hand our observations seems to be at

variance with the conclusions obtained by several other investigators. For example,
Bouquegneau (1977) related elevated Na + and Ci-leveis in the plasma of sea water

adapted eels, Anguilla anguilla, to an inhibition of the Na +, K+-A TPase activity of
the gills. Lock et al. (1981) have also found a correlation between inhibition of the
Na +, K+-A TPase in the gill of Salmo gairdneri, and its osmoregulation upon expo-
sured to mercuric chloride and methyl mercuric chloride but attributed this relation
primarily to changes in the permeability characteristics of the gills for water. This
may explain the absence of a correlation between the increase of the gill enzyme ac-
tivity and plasma Na +, K+ levels of Clarias gariepi,:,us exposed to both atrazine con-
centrations from the second day onwards.

From our previous discussion it appears therefore that Na+, K+-ATPase activa-
tion (500 IJ.gIliter atrazine) or inhibition (100 IJ.gIliter) may have value as an indicator
of stress caused by atrazine. The disturbance of osmoregulation of the fishClarias
garienpinus exposed to atrazine at both concentrations affect also the level of the ac-
tive cations at the muscle site.

The most important changes in the activity of gill Mg + + ATPase were represented

by an activation of the enzyme from the 72th exposure hour onwards at both concent-
rations ofatrazine. A similar simultaneous increase of both Na+, K+ and Mg++ AT-
Pase was recorded by Watson and Beamish (1980) when they exposed the rainbow
Salmo gairdneri to different zinc concentrations. They attributed their results to the
zinc competition for Mg++ binding site in the gill epithelial membrane which might
affect an increase in branchial permeability. Assuming that atrazine may act as Zn,
the general augmentation of gill ATPase activities (Na+, K+ and Mg++) could result
from the diffusional loss of ions due to increased gill permeability. The ultimate re-
duction in ion concentration could, in turn, act as a signal for gill ATPase to increase
the absorption rate of electrolytes.

The gill Na+, K+-ATPase of Clarias gariepinus was also extremely sensitive to
D DT. The exposure of the fish to 500 IJ.gIliter D DT produced a strong activation of
gill Na+, K+-ATPase by exposure hr 3, then it decreased gradually with time to nor-
mal control level. Meanwhile, gill total protein remain constant throughout the
whole experimental time which may indicate an activation of the present enzyme
units. This result confirms similar reports by Khalifa (1989); and by Jowett et al.
(1978), but are at odds with those of Hanke et al., (1983); and Asseni (1984) who re-
ported striking inhibition byDDT of the Na+, K+-ATPase of the carp, Cyprinuscar-
pia. The discrepancy may indicate that the fish, Clarias gariepinus, is less sensitive to
DDT than the carp.

Of particular interest was the reduction of plasma Na + level by DDT treatment.

This indicate that the fish's ability to maintain the sodium ion concentration at a con-
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